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An engineering evaluation of the 24 channel scanner system performance 
based on analysis of flights on 2 June and 4 June 1972 and on ground test 
data taken during May 1972. The report also includes recommendations 
on improvement and modifications to enhance system operation and performance.
 
In general the system performed better than ever before and NASA is to be,
 
commended on their rework effort.
 
Key points in the report are as follows:
 
1. All channels were operating during the 2 and 4 June 1972 flights.
 
2. The maximum misregistration between channels was about 1 
resolution element (reselem) which was caused by differing detector 
amplifier responses. Even though good radiance measurement is not 
obtained until after 3 reselem, the maximum misregistration should 
probably be less than .5 reselems. In addition a number of channels 
exhibited a long time to getwithin a few percent of final value. 
It is recommended that electronic compensation be added to tailor 
the response to reduce the misregistration to less than .5 reselems 
and to reduce the settling time to within 2 reselems after the 
50 percent response for less than 5 percent error from the final 
value. 
3. The analog portion of the video channels exhibits considerable
 
drift in gain and offset. It is recommended that these circuits be
 
improved to maintain the signal from the calibration sources
 
(excluding detector noise) to within + 2 percent of the dynamic range
 
from the set value. In addition it is common for channel 16 video
 
signal to have considerable offset from the other thermal channels.
 
It is recommended that this channel have an offset adjustment range
 
which allows the signal from calibration source 5 to be set anywhere
 
in the dynamic range of the system.
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4. The design of the MSDS system inside the aircraft to some extent 
invites errors on the part of the operators. In particular the two 
separate sets of controls for AT, one set to actually change AT and 
the other set just to arrange for AT to be recorded properly in the 
housekeeping data on the flight tape, invites the operator to perform 
adjustments in AT as requested but to neglect to adjust the house­
keeping controls to allow th& value to be recorded properly, as was
 
found to happen during run 14 on 4 June. The scale and offset
 
selector switches for each of the channels are small and are difficult
 
to read and to operate, consequently throughout the 2 .June edits we 
received channel 3 appears set at a scale of 2X Crather than IX), 
while channel 6 appears set at 2X scale (rather than IX for runs 
through run 7, and channel 2 appears set at .25X scale Crath-er than 
1X) for the A/D and I/H tests which preceded the other runs on that
 
day. It is recommended that these operator controls be redesigned
 
and laid out so as to minimize these errors.
 
5. The scan motor operation is marginal when operated in a sustained
 
basis at low altitude on a hot day. If this has not been fixed'it is
 
recommended that it he fixed.
 
6. The housekeeping and control panel indication of blackbody
 
temperatures didntt agree by over 10C. It is recommended that this
 
be corrected.
 
7. The process of obtaining camera film, scanner color film and some
 
other supporting data was too long. The delay in obtaining the color
 
scanner film was due to the very low throughput of the data analysis
 
station while the delay in obtaining the camera film is a paperwork
 
problem. It is recommended that this be improved.
 
8. I fault myself in not specifying in the mission plan the exact
 
start and stop point for the mission manager to conduct a run. It
 
is important for the runs to start and stop at a preset location
 
to aid in data recovery from the flight tapes.
 
This report does not address calibration accuracy. This is expected
 
to be covered in a later report; however, lamp current variations obtained
 
during this analysis indicate the specified accuracy is not being obtained.
 
If there are questions regarding this report, please contact Leo M.
 
Larsen at 313-483-0500, extension 444.
 
LEO 4.LARSEN
 
Principal Investigator
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Flight Plan and Test Site
 
In early June of 1972 two flights of the MSDS were conducted over the
 
Willow Run Airport to gather data for evaluation of the performance of the
 
total system. Only one flight had been requested, but an additional
 
flight was suggested by NASA. Data gathering concentrated primarily on an
 
area at the north end of a ramp at the airport where a painted resolution
 
chart existed and where gray and colored panels with known reflectance 
characteristics had been placed. Figures 1.1 and 1.2 are prints from RC-8 
photographs taken from the plane during run 12 of each flight. The black 
stripes on the ramp are tar paper strips which were laid out to test for 
moire patterns in the digitized data. Figure 1.3 is another print from an 
RC-8 photograph, taken during run 2 on 4 June, showing the total basic
 
flight line, which ran north to south along the ramp and continued in a
 
straight line to cross Belleville Lake, to the south of the airport.
 
The flight plan was identical for both flights, calling for runs at a
 
variety of altitudes (and V/H's), with various gain and offset settings for
 
the channels, and with one run flying south to north rather than north to
 
south. This flight plan is shown in Figure 1.4. Scan motor heating problems
 
prevented the 2 June flight from being continued past run 17.
 
The weather for the two flights, uniquely different from one day to the
 
other, provided data of particular interest from both flights. On 2 June.
 
there was a uniform overcast such that the shadows of objects on the ground
 
were barely discernible, and then only occasionally, while on 4 June the
 
weather was virtually crystal clear with only a few very small clouds
 
appearing in the afternoon. On this latter day the test area on the ramp
 
was never in cloud shadow. This latter day was also the only day of the
 
two which fulfilled the desired weather objectives for the fligh-t initially
 
requested, and is the source for the bulk of the data presented in this
 
report.
 
Figures 1.5 and 1.6 show a scale diagram of the layout of the test
 
area on the ramp for each day. The resolution chart, as drawn, is
 
inaccurate in the number and exact placement of the smallest bars of the
 
chart; actually, each sequence in the chart takes up the length shown, but
 
each has three more bars than indicated, the last of which is a 6" to 12"
 
sliver, generally not discernible from the air. Note the differences in
 
placement of the charcoal fire, tar paper strips, and olive drab (O.D.),
 
black, and aluminum panels on the two days. Note also that Figures 1.5
 
and 1.6 are the only diagrams in this report which follow the normal
 
convention of having north at the top of the page. All other photographs
 
and diagrams have south at the top of the page since the flight line
 
usually ran north to south.
 
PERFORM1ANCE OF JSDS AS OF 2 AND 4 JUNE 1972 
FOREWORD
 
This report describes the system performance evaluation of the24
 
channel multispectral scanner based on the data generated on 2 and 4 June
 
1972.
 
The.evaluation described herein was performed under NASA Contract
 
NAS 9-9784, modification number 11S, exhibit C.
 
The work was performed under the direction of R. R. Legault, Read of 
the Infrared and Optics Division and Associate Director of Willow-Run 
Laboratories. The Principal Investigator of this task is L. M. Larsen. 
This report was written by P. F. Lambeck. 
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Flgure 1
 
14.7K ft. of flight
 
area 6/4/72
 
Flight 2 Mission (MSDS Settings for 	a Bright Sunny Day) 
Ch. 1-13, 23 & 24 Ch. 14-22 
W 0 
WD > U 0 0 
2-1 1.7 160 1800 .16 2 1 IX 1 1 40 IX 1 18 
2-2 14.7 200 1800 .023 2 1 IX 1 1 * 40 X 1 20 
2-3 10.0 160 1800 .027 2 1 Ix 1 1 40 IX 1 2 
2-4 10.0 160 1800 .027 2 1 .25X I 1 * 40 .25X 1 15 
2-5 6.7 160 180 .04 2 1 IX 1 1 40 iX 1 4 
2-62-7 4.53.4 160160 18001800 .06.08 22 11 IXIX 11 11 4040 IXIX 11 1714 
2-8 3.4 160 1800 .08 2 1 .25X I 1 * 40 .25X 1 22 
2_9 3.4 270 1800 .135 2 1 IX 1 1 * 40 I 1 1 (fast) 
2_10 2.7 160 1800 .1i0 2 1 iX 1 1 * 40 IX 1 10 
2-112-12 2.31.7 160160 18001800 .12.16 22 11 IXiX I1 11 * * 4040 IXIX 11 213 
2-13 1.7 160 1800 .16 2 1 .25X 1 1 * 40 .25X 1 23 
2-14 1.7 160 1800 .16 2 8 1K 1 1 * 20 IX 1 5 
2-15 1.7 160 180o .16 2 1 2X 3 1 * 40 2X 3 19 
2-16 6.7 160 1800 .16 1 1 IX 1 1 * 40 1X 1 12 (sun) 
2-17 1.7 160 1800 .16 1 1 .25X 1 1 * 40 .25X 1 9 (sun) 
2-18 1.5 160 1800 .18 2 1 IX 1 1 * 40 IX 1 8 
2-19 .5 160' 1800 .18 2 1 IX 1 1 * 40 IX 1 6 
2-20 1.7 160 1800 .16 2 1 IX 1 1 * 40 IX 1 13 (roll) 
2-21 1.7 160 1800 .16 2 1 IX 1 1 * 40 IX 1 7 (pitch) 
2-22 1.7 160 1800 .16 2 1 IX 1 1 * 40 1X 1 2 (RFI) 
2-23 1.7 160 00 .16 2 1 IX 1 1 * 40 IX.25 (north) 
2-24 1.7 160 1800 .16 2 1 IX 1 1 * 40 1X 1 24 
2-1 1.7 160 2700 .16 2 1 Ix 1 1 * 40 IX 1 19 (Rolite) 
,5*C below Belleville Lake temp. at start of test (not changed)
 
Screwdriver Adjustment Prior to Flight:
 
Voltages Voltages Voltages 
Level Cal. S. Level Cal. S. Level Cal. S. 
Ch. 1 2 1 2 . h. 1 2 1 2 * C . 1 1 2 
1 .5 .5 .81 1.0 9 .5 .5 .78 2.0 15 1.0 1.0 4.0 4.0
 
2 .5 .5 .79 100 .5 .5 .77 2.5 16 2.5 2.5 4.5 4.5 
3 .5 .5 .83 1.1 11 .5 .5 .82 3.5 17 .5 .5 4.5 4.5 
4 .5 .5 .85 1.3 12 .5 .5 .80 3.5 18 .5 .5 4.5 4.55 .5 .5 .74 1.2 13 .5 .5 .85 4.0 19 .5 .5 4.5 4.5 
6 .5 .5 .68 1. 14 .5 .5 4.5 4.5 20 .5 .5 4.5 4.5 
7 .5 .5 .77 1.7 23 .5 .5 .66 4.5 21 .5 .5 4.5 4.5 
8 .5 .5 .74 1.7 24 	 .5 -5 .74 2.5 22 .5 .5 4.5 4.5 
Figure 1.4
 
Flight Plan for 6/2/72 & 6/4/72
(as specified just prior to
 
flight) 
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Time Response and Channel Registration
 
The response in each channel, scanning across the boundary between
 
the Eoncrete of the ramp and the gray canvas of either the 4 percent or
 
the 32 percent gray panels has been compared to the corresponding response
 
in channel 10 at different V/H's. At a V/f of .18, registration errors
 
between channels of more than one resolution element were not unusual,
 
with thermal channels generally leading channel 10 by 1/2 resolution
 
element while the visible channels generally lagged channel 10 by the same
 
amount. Specifications call for registration between channels to he good 
to within 1/10 resolution element; however, this is probably too tight to 
be practical, and registration within plus or minus 1/2 resolution element 
is probably tolerable. A few channels had an initial fast rise time
 
followed by a second slow rise time. A more detailed discussion follows;
 
at a V/H of .18 - all delays measured relative to channel 10 at 50 percent
 
of total response:
 
Channels 1 and 2 had good response, anticipating channel 10 by .2
 
resolution elements (see Figure 2.1).
 
Channel 3 had overshoots, a strange tendency to be clipped at an
 
intermediate level within the dynamic range of the system, was unusually
 
noisy during run 19 (4 June), and was delayed in response relative to
 
channel 10 by .9 resolution elements (see Figure 2.2 and discussion later
 
in report).
 
Channel 4 was delayed in response by 1 resolution element and showed 
a slight slow 2nd exponential response (see Figure 2.3). 
Channels 5 through 9 were all delayed in response by about 1/2
 
resolution element and all showed a slight slow 2nd exponential response,
 
especially in channel 6 (see Figures 2.4 and 2.5).
 
Channels 10 and 11 had good response with channel 11 showing a very
 
strong bias in favor of odd digital levels rather than even ones.
 
Channel 12,'though noisy, had good response, delayed by only .1
 
resolution elements, but marred slightly by the presence of a low frequency
 
noise component (see Figure 2.6).
 
Channel 13 had a noticeable 2nd slow exponential response, but was
 
delayed by only .2 resolution elements (see Figure 2.7).
 
Channel 14 was erratic, anticipating channel 10 in response by 1
 
resolution element (see Figure 2.8).
 
Channel 15 had a very noticeable slow 2nd exponential response and was
 
delayed by .3 resolution elements (see Figure 2.9).
 
Channels 17 through 20 all anticipated channel 10 in response by about 
1/2 resolution element (see Figure 2.10).
 
Channel 21 had a noticeable slow 2nd exponential response and was
 
delayed by .4 resolution elements Csee Figure 2.11).
 
Channel 22 was delayed in response by more thant 2 resolution elements,
 
possibly due to inadequate cooling (see Figure 2.12).
 
Channels'23 and 24 had good response with channel 23 articipating in
 
response by .3 resolution elements and channel 24 lagging in response by
 
the same amount.
 
At a V/a of .08, the misregistration of the channels was generally ­
reduced (in terms of resolution elements) by about half (see Figures 2.13­
2.24). Note the presence of the overshoot in channel 3 (Figure 2.14). 
As requested, a ground test was run at Robby Airport, 25 May,
 
scanning across a knife edge. Unfortunately, for much-of the data at the
 
high V/H (.18), the knife edge was reversed from the orientation which had
 
been requested, making this data only marginally useful. Ingeneral the
 
misregistration of the channels during this test was about the same as
 
during the flight. Some anomalies were noteworthy, however: 
Figure 2.25 shows the knife edge properly oriented and indicates a
 
small but noticeable slow 2nd exponential in the response of channels 2
 
and 9.
 
Figures 2.26 and 2.27 show-the knife edge improperly Qriented, but 
illustrate a peculiarity in the response of channels 4 and 5. 
Figure 2.28 shows a small overshoot in channel 11 while Figure 2.29
 
shows the same overshoot masked by a slow 2nd exponential response in
 
channel 13. Channels 9 through 15 all showed some tendency toward having
 
this small overshoot.
 
158-71k. F3 L.2Bi 02l10.9t. PAWa. ETC. ON4 EqPl/fl2) EftVImImn. INTIIUE Or 04ICHI0 
OWA.VLOTERION .0. rF.r.LaVM..179 LOU T71E.rliC AJO*C FtISL"0 mE?.: .5$"bordaS MIT LINE 580. 0-)019 I0S-35 
SOW 0OF I 
CRINNE 2: W.L 2. SM.E IX . WFFSEl-I 0tla01 £3CIL.2. n.FE- IX . GVFSUT-
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND V4. GRAY PANEL 
0.2 FOR CHFNNEL 10 (MARKED WITH +'S) AND CHANNEL 2 
0.1 
Ihl07MAS 19,.072I 
0.1 
_-0.2 
.1 
ELi-0.3 
(.D-0.5' 
In 
oc-0.6-
LE 
f-J 
r--a6 
cn 
L-j-0.8­
-0.9­
-1.2­
305 
Figure 2.1 
310 3i5 320 325 330 335 
RESOLUTION ELEMENT 
310 345 350 355 
usts-72-c. F3 L2 AiD cu o.s. PfmS. ETC. ONMW m/15n N dVIAM4CIRT ArSEL t 1SrThIE OF HICIGs 
e Lt. vasow 1.0. r.F. LAtClo 
-VI-0.179 LOWIEflqe.1C Al.S3.8C FILTI SELtMW 3.57.SEC/ZLtO PLOY LIN 50. ELOTS 30S-3S 
CVl. 3, CIL 2. ME- IX . OFFM~!Ct**M IN CAtL2. SML- IX . UFWnE-lRESCRLED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND 4% GRAY PANEL 
0.2. FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 3 
0.1­
11%20&17 SEP 19. 1972 . 
0.0" 
-0.11 
-0.2 
-j-0.4 
cr 
0-0.5 
0-0.6-
ILl 
UJ-0.7­
-0.9­
-1.0­
-1.1T 
3051 310 319 32 . 330 335 310 '345 350 399 
RESOLUTION ELEMENT 
ISIS6.--C. F3 L2 19 0 M. O ranso M IINSTITUTE OF MICHIGAIIS22i00o.s. r ENaimCnYaLIC. SEP 19. 192
mwinti. vamow r.r. ouORO. 

VAIO.179 LO IE-'. t. 41569C FILEN SaUWt I.? tS.S/aS a PtaT LINE SM.ELEMOTS 305-S
SEGUE 0oIr 1
 
CW4nE [Is CI. 2. =lE- IX * wrrr- 1 INEL 10a CL 2. SOLE- IX . OFSET,
 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING CONCRETE AND L/ GRAY PANEL
 
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 4j

0.2
 
0.1
 
-0.1
 
2

-0. 

Ld

LL-0,3­
-J-04 
cr 
c-0.5
 
0-0.6
 
-IJ 
cr-0.7
 
U 
13-0.8
 
-0.9
 
-1.0
 
-1.2' 
305 . 3io . 3..i3 20 . . 3i5' 3' 35. . .a 4 .3 ... 345 350 3k5 
Figure 2.3 RESOLUTION ELEMENT 
"S-IS6-72-C. F3 L2 Ri9 (CLEAR)0.SK. P/NELS. EIC. ONRAW W/15/72) N ENVJIROmEKIR. RESERCH JNS7J1lTE OFMNICHIGANI1343 
-a. IOiXW4EI.VERSION 1.0. P.'. AIAEKO(
o*V/H.0.179 LOWEI.PnIL.19C 41-36.62C FILIER SMtECTI- 3.SS?7.EC/ELEKDU PLO LIHE 5960. ELEMNTS 30S-3S5 
SSEGMENT DOF I 
SCWBE S. CL 2, SCRLE- 1h . OFFSE-1 Ctfl. IO. CAL 2, SCALE- IX . OFFS'7-I 
RESCRLED RADIANCE PLOT OF SCRN LINE SEGMENT 
CROSSING CONCRETE AND LX GRRY PANEL 
0.2 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 5 
P 19. 1972 . 
0.1. 
0.0 -- -­
-0.1 
Lj-0.3 
-i
-J-0 
z0-0.5. 
m-0.6­
cr-0.7­
u-0.8. 
-0.9. 
-1.0. 
-1.1" 
-1.2 
305 310 315 320 325 330 335 
RESOLUTION ELEMENT 
30 35 350 . .35 
mStss-iaC. F3 L2 At$ am O.S PAE.S. ETC. ONrUr I6/ISM2 VIRENTrnao. cE INStUrYE O KInHIGIN 
YM.0.Ia16.ftWI Tlf..1i1CfLIFh LOTg. VERiSION 1.0. 91F. LAhCNM 
VA"O.i7 LOU 7l NlEWli.lt & .. C JIL'TR S .1 PLO LINEC5 . EMETS 3OS-JXEWNT 0 OF IONE. 6t CdL 2. S .- IX . C ,SE1'IDmEL lO C. 2. SC.E, IX . OFTSET-I 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND L GRAY PANEL 
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 60.2" 
Il2MitSE 1w. 1m2 
0.1­
-J0.0 --0.1­
i-0.3­
-j(--0.5-
U 
0--0.6 
a: -0.7 
Lij-0.8 
-0.9 
-1.0­
-141 
-1.2" 
305 .3. . .W . . 
Figure 2.5 
.. 3S5 .. . .320 .325 * 3.0 . . . .335 
RESOLUTION ELEMENT 
. 340 3i... . .350 . 355 
011-3156-72-C. Fs L2 619 mum o.sJ(. #Cs c. OmmfC aI6/1fnl23 DIVIUIDTNAL RESE INSTITUTIE OF HICIIGA 11346&52 (IXVWLOI. VERSION 1.0. FP.F.LRIBMC 
VAt0.179 LOW flt.11C Aiw36.'9 FILTERi SEE£CT $.5547CaEIEN'f PLOT LINE 6604. E iTJS0 -3SS 
C flWnf OF IC L 10, CR£2. SCA,£n IX . 0ff"T-1 £I*n 12, CAL2. SCALE- IX . OfSL­iRESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND 14% GRAY PRNEL 
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 120.2" 
St? 19. 1972 S 
0.1 
0.0 - - - - - - - - - - - - - - - -
..j-0.3 -
Z-i 
-I -0.5 
c-0.6 
Lii 
-J 
-0.9 
-1"0° 
-1.1" 
-1.2­
305 310 S . 320 325 330 
RESOLUTION ELEMENT 
340 4033345 350 355 
aaIsi-72-c. F3 .2 Ri9 CIU) O.m. ms. ETC. aEmt mis/iias - aXVirOiMAitL PES ITITIJIE OF HICtGN 11.3004 
WeAtM01. VEIi 1.0. P.F. IAMB= 
YIh,0.179 LOWTIP.11.19C Al,,.e C FILM~fi SEECT,1 t.5-p36CalW107 rLOT LINE Zfl. tDIES 06-3S6 
NNT 0OF I 
COMM lO CF. 2. Sn.E IX . WFVSEi asIa. iS. CA1.2. S .X- IX , FWVIn 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND 4X GRAY PANEL 
FOR CHANNEL 10 (MARKED WITH +'S AND CHANNEL 13 
0.2­
917 19. 1972 S 
0.1­
0.0 - - - - - ­ - - - ­ - - ­ - ­
-0.1 
_.1-0,2" 
in-0.3 
.-J-0.14 
cr 
0-O.5­
o-0.6-
LLJ 
-J
ar-0.7­
LLJ-0.a- ,' 
-0.9 
-1.0 
-1.2 
305 
Figure 2.7 
3i0 3i5 320 325 330 335 
RESOLUTION ELEMENT 
340 3S5 35. 355 
r 
C 
i 
HSSL rS72-C. F3 12 519 Lrm 0*.Sh. P'ANES. EtC, ON RW (16/IS/721 ENVIRON4PS.TL RESEOIW 111TUE OF nIOUIGN
• ,;,, I~ LOT. VERION 1.0. P.F. LAqI'SECK)VdAlO.179 LOUIEiC..11.1C &-36.6 C FILTER SELECT.1 3.SS7..SEUELEEO4 PLOT LINE 5572. ELEICTS 306-3SS 
SEGMNT OF I 
ft0C 1os CUL 2. StilE- IX , VFSET-1 OWEL 1ii: CAt 1. SCALE- IX . OFFSET,, 
RESCRLED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRET R 327 GRAY PANEL 
FOR CHANNEL 10 (MARKE WI H +1 AND CHRNN L 4 
1.1­
10:52,4 SEP 19. 1972 u 
1.0 
0.9 
-j 0.8­
0I 
CD 
0.5­
0.6-
I-J 
ar 
U.) 
0.3" 
0.1­
0.o- - ---- -----------------­
-0.1­
305 10 315 320 326 330 33k 
RESOLUTION ELEMENT 
34o 3i5 350 355 
M3SS-72-C. F3 1.2R29 M 0.$1(. IMC.S. ETC. O4 tr VIW1S/2 t OIVIIlIIfl rSMO ICHNSTTUTE OFCHII 
wawway. vinI1 1.0. P.F. LAC 
YmNG.179 LOiav.01IfC af-,,6,C FILTEM SLME-I 3.SS7EIBMOI PILO?LINE 5t. ELEMENTS SOS-$S6numb1 a r a 
CHNE 10C. 2. SCLV. IX . 0FWF. MCO ISsC. 1. SCXE- IX . O+ 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND I%'GRAY PANEL 
FOR CHANNEL 10 (MARKED WITH +'S AND CHANNEL 150.2" 
l14& I 1972 a 
0.1. 
-0.1, 
-.­
0.2. 
u_.1Lu­
-J 
crZ0,.-0.5'
2-1 
-0.6. 
-J 
cr-0. 7 
€.n 
-0.9­
-1.0-
L 
-1.2­
305 . 3... 
Figure 2.9 
_____________________________ 
3io1iS .... 32o . 3... 5 ... 330 335 
RESOLUTION ELEMENT 
340 3is 350 355 
.,,SSI,72-C. I32 RIS (CLE 0.521. PANELS. ETC, ON lW (MIlSflf ENVIROI4TA. &ESEMC INSTILITE OF KICIGN 10:.S619 
. •APLOT, VERSION 1.0. P.F. LSUUJ 
T V/tO.179 I IEC- . [C 1,-36.62C FILT SELECT-I 3.SSoSEC/UX.EfENT PL0 LINE 5M. EI.EMITS 305-35S 
H SMaD 00F I 
COhEL 10, CAL 2. SCALE- IX (WF 0E4a 17 CAL I. SC LE- IX , GfrSl-
RESCRLED RADIANCE PLOT OF SCAN LINE SEGMENT 
o CROSSING CONCRETE AND 32% GRAY PANEL 
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 17 
1.2 
SEP 19. 1972 * 
1.17 
1.0' 
-j 
0.9­
0.8, 
-J 
-i 0.6. 
a: 
U- 0.5­
(o) 
D0.4 
Lu 
-J 
a: 0.3 
i 0.2­
0.1­
-0.1. 
-0.2­
305 310 315 320 325 330 335 
RESOLUTION ELEMENT 
34O 3L5 350 355 
56-72-C. F3 L2 819 (MEvU 0.5. FMiLS. ETC. ON W V UI/lS) BdVIR iBIF AL FZRI ITITUIE OF HlMi 11.39:20VN 0I.oVMION 1.0. P.F. 0MVM.-0.179 LON E2P,-1.10C &7136.60C FILM Sa -t, S.S$70SEVe PLOT LINE S. IIoSpO--S 5 
ScEa OF I
O oMC IN .CL 2. SLE- IX . "FSET-1CORaL21t C. 1. SMLE- IX . OFTM-
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND L4% GRAY PANEL 
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 21 
0.2 
SEP 19. 1972 K 
0.1 
0.0 - - - - - - - - - - - - - - -
-0.1­
-0.2 
-J 
-j-0.1a: 
0~-0.5­
C3-0.7­
cr-0.7­
-1.0U, 
-0.9-
L 
-1.2­
305 
Figure 2.11 
3i' 
_ _ _ _ _ _ _ 
.. 
_ _ _ 
.. 3 o 
_ _ _ _ _ _ _ _ 
325 330 33S 
RESOLUTION ELEMENT 
_ _ _ _ _ _ _ 
340 345 350 355 
0 
H 
HSSISG-72-C. F3 L2 RIS 
V/t.179 LOW TEMFll 
SEGMEN0 r ICHANNEL 10& CRL2°.~f 
0.2-
0.5K. PANELS. TC. ON fW(M/IS/72) N VIROINENTAL RESRRCH INSTITUTE OFMICHIGAI 1lh4027 
SC AlwSO,60 C FILTER SELECT'I S.57ASC/ELETpENT MIT LIN 560ELE 30.-N5 
IX . I CANNEL 22. CALI. SttE- IX . OFFSET-1RESCRLED RROIRNCE PLOT OF SCAN LINE SEGMENT 
CROSSING CONCRETE AND 4% GRRY PANEL 
FOR C ANNEL 10 (MARKED WITH +'S) AND CHANNEL 22 
SEP 19. 1972 n 
0.1 
-0.1-. 
-0.12 
u-i 
J 
cc-0.5­
*uf) 
0-0.6 
LuL 
c--0.8. 
u-0.98 ­
-1.2' 
305 31 Si5 3o 325 330 335 
RESOLUTION ELEMENT 
340 345 30' 355 
ItSS16&.7Z-C. F3 L.2R7 (LLEMI3 SAN1.FuELS. ETC. ONMW 416612) EN4VIRONMETAL. AESESCI INS1IITE OF njICimiN 16212.24 SEP 20. 1812t067 16R1AWA.6 I I 033M Fl. TOE EADING 17.49P. IIFT +44.30 ODIWtLOT, VERSION 1.0. P.F. IaO
 
VAWti.0 LOWiEIr-Ie.C C FILTER SaLECT-I 7.9sesS/EJO PLOT LINE 13s. S.WS 30r-ss
7I al.T 
SEGMEN oOF I
 
CHOML 2. CUL 2. S$CPU- IX . OFFSf-I anita lt CAL2. SME- IX . OFFSET-I
 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, LX GRAY PANEL, AND ALUMINUM PANEL
4.0 	 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 2
 
3.5
 
3.0
 
2.5
 
-j 
> 2.0 
LIu-J 	 ­
2
-I 1.5

cc. 
zLo'-" 1.0"
 
0.5
 
Cc, 
-0.
 
-1.5
 
-2.0 
. . .
 .	 
. . .
305 310 315 320 325 :330 335 30 34,5 350 355
 
Figure 2.13 RESOLUTION ELEMENT
 
ol1/15172) EIFrRWfi. 

06/04f72 16%17,54.6, RAW ALT03390 FT. TRUE iIROING 179.1'. iMin '0la. (OWL0T.VERSION1.0. ?.F. LAmSCC)
S i4S$156-72-C. F3 L2 
R7 (CLE 3.W,(.INms.ETC, OIN FtF N RESECH INSTITUTE OF 1lICHI tSs13s32 SEP 20. 1972 
V/l6O.O8? L0I EWF-1o.Vck -3.7C FILTER sELEC-l 7.9SS0SEC/ELENENT PLT LINE 136M. ELEENTS 305-385 
* OEL 31 CIL 2.SCiEt- IX . VFS--I O H& 10t CUL 2. SILE- IX . VSEU-
SRESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE. 4X GRAY PANEL. ANO ALUMINUM PANEL
 
4.0- FOR CHANNEL 10 (MARKEO WITH +'S) ANO CHANNEL 3
 
3.5
 
3.0 
2.5 
-J 
LiJ
> 2.0:Lii 
-j 
- 1.5: 
cr
 
CD 
- 1.0: 
Li 
-J
 
-1.5 
305 310 3i5 320 . 325 330 340 345 350 355 
RESOLUTION ELEMENT 
w> 
--
IlMtO72-C. F3 L.287 rMN 3SAX, MIS. ETC. ONFRCrhezn t awrouarnEW MMCIALREENINSTIITCE OFnICiGaiIS.11,112 SEP 20.05/04/72 l6,17s.VL6. rVALI 03330 Fl. WRE IMING 179.148. munF *011.3 (~Wt0T. VER$IN 1.0. P.F. LINEOV/thO.086? LOWTEw- 1O.C a4.70C FILI'E SLIEC7-I 7.9U&.EC/ftElOJ PLOT LINE 1363. WSS 306S-38SMEQQU1OOF I 
CNE S CA.2. SoAE- IX . WFSETI tineIl 1os CFL 2. SC"- IX , WSE aI
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING GRASS, CONCRETE, 4j% GRAY PANEL, AND ALUMINUM PANEL4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL L 
3.5 
3.0 
2.5 
.0: 
1IM 
1.0(n 
L 0.5 
-0,5 
305 
Figure 2.15 
3.10o '315 .. .320 . 3..305.o. . 335 
RESOLUTION ELEMENT 
.. 31o .0 311' '350 .. 355 
- -
I0 IISSISG"72-C. F3 L.2A aLE 3.AN. PAS. ETC. ON RAW mn/1sMi ENVIIONMENTAL RESE INSTITUTE OF MICHIGAN 1S.16,20 SP 20. 1972 
S06/O0fl2 IStlltVI.6. PAW ALT03390 FT. TRUEIWDIING l'0.4. DRIFT -04.31 (RALtWl. VERSION 1.0. P.F. LAMBECIO
 
SVWH-0.08?2 LON l "-O.SC .T-36.WC FILTER SELEC-I' 7.S584EC/ELEHFT PLOT LINE 1364. EIEW4fS 305-35S
 
r SEGMEN0OF I
 
IX . CHANNE SEGMENTET­* CIIE St CAL 2. SALE- OFTSEl1 10, CAL2. SCLERAOIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, L% GRAY PANEL, AND ALUMINUM PANEL
 
HRESCALEO 

4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 5
 
3.5
 
3.0
 
2.5
 
-J 
LU
-J 
_J 1.5
 
z 
1.0-

C3 
uJ 0.5­
c:r
 
0. 50--

-1.5
 
-

-
 -

-2 .1o . . . . i, . . I , I I I, I I I I I I I I I I I I I I,
 
320 325 330 335 340 345 350 355
305 310 315 

RESOLUTION ELEMENT
 
tIu-72-C. F3 1.2 67 tE) 3.4K. PANELS. ETC. ON AW M/IS/7) ENVIROONTF RESEIM INSTIIUTE OF NIMIAN M17suTs3 SE06/0V72 161794.6. RA LT 039 FT. M itIN 179.. DRFlT 0.30 t i4t.oTr. VERSION 1.0. ?.F. LRWV"s.0087 1OWTEW-flOArc aT.3.1t FILTER SELEC1'-1 7.9sOsbVESccan PLOT LINE 1384, ELEMENTS3C-% 
SCOT OOF I 
05bC. 6% CL 2. SCALE- IX . OFFSET-1 OCIEI. 10 CmL2. SatE- IX * OFFSET-I 
RESCALEO RADIANCE PLOT OF SCAN LINE SEGMENT 
CROSSING GRASS, CONCRETE, 4%.GARY PANEL, AND ALUMINUM PANEL4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 6 
3.5 
20. 1972" 
3.0 
2.5 
-.J 
> 2.0: 
-J . 
-j 1.5; 
- "O 
U- 0.5; 
-0.5: 
-2.01 
305 
rigure 2.17 
310 315 320 325 330 335 
RESOLUTION ELEMENT 
340 345 350 555 
HSS156-72-C. FV L2 R7 (CLM 3.AX. 14ELs. ETC. ON sat (AW/)15/74 ENVIRONI4TRL RESCRH INSfITUTE OF MIIGsN S21s9 SEP 20. 1972 " 
H06/011M 16s17.L.6. rEW (WI.WOT. 1.0,.. LMBEOIOT 03390 FT. TI'1001G 179M, OMFT -0Q.3 VESION 

m V.AO.068? L0I41X0tO.C &Tflrc FILTE SLECl-1 t9".8 C/ELSKIET PLOT LINE 13NA. EEIENTS 305-355
 
SEGENT OOF I
 
VNNES10. CAL 2. SCFLEs IX . FFSET-I OMlE 12: CAL 2. SCALE- IX . OFFSTsI
 
RESCALEO RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, L4% GRAY PANEL, AND ALUMINUM PANEL
 
4.0. FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 12
 
3.5
 
3.0
 
2.5
 
-J>. 2.0-

Lu 
-I
 
-J 1.5,
 
c 
z 
3 1.0:
 
(I) 
Ia:i0 5:
 
cr 
-Jo
 
Io5
 
315 320 325 330 335 340 345 350 355
305 310 

RESOLUTION ELEMENT
 
(CLEARi P$E.S.HOU31.-T2-C. F3 L2 II 3A4. ETC. CHWe UW/ISfl2? t ENVI1ONRENTA. RESEM INSTITUTE OF "I0IGW ISs26B3 SEP 20. 19M06/0402 16 AsM. ALT 03380 FT. TRUWaING 179.1. DRIFn-04.3P (QRtOT. VERSION 1.0. ?.F. L*ISDEW 
. Te-.10I.oC 

SEGsfTi OF I
 
loE. CAL 2. CLE- IX I UFS- HANNE13S CAL2. SC.- IX I OFFSET-i
 
VM.00C LOW ATa3.3&C FILTER SELECT-I 7.95 SEC/ELEENT MOT LINE 1364. ELEKS 306-3MS 
10, 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, L% GRAY PANEL, AND ALUMINUM PANEL
4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 13
 
3.5
 
3.0
 
2.5
 
-J 
LJJ>- 2.0: 
LU 
-J
-11.5: 
cc 
z 
C)
-
1.0:, 
(1) 
MLIJ 0.5 
cc 
C­
l -0." 
-
_1.0": 
-1.5: 
-2.0; 
305 310 3i5 320 325 330 335 30 I 3i5 350 355 
Figure 2.19 RESOLUTION ELEMENT 
INSTITUTE 1M29,07 
r 06/OINfl 16,17%S.6. .-. RIT 03390 FF. TRUE"EWING 179.10. IMflt0 L,. (0R OT. VfSION 1.0. P.F. LM6(00 
m VdtO.0W? L04 -0.89C &7-36.70C FILTERSLECT-1 7..SEC/QU.- PLOT LINE 13M1.EIXOtS SOS-3S6 SEGMEN 1 u 
H" KIU-72-C. F3 L2 B7 CEs 3Af. PFELS. ETC. ONRt (R/18fl2) MENVIRMAL RESEARCH OF NICHIGR4 SEP 20. 19M n 
T 
* afli. 10, CU. 2. SCUE- IX . FSET f**00111, CIL . SCME- . OFFSET-1 
o RESCALED RROIRNCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRRSS, CONCRETE, 14% GRAY PANEL, RNO RLUMINUM PRNEL
 4.0- FOR CHANNEL 10 IMARKEO WITH +'S) RNO CHANNEL 141 
3.5 
3.0 
2.5 
-_J
Lii 
,L. 2.0: 
LU t 
_J 1.5 
1
 
a: 
z 
C-1,
 
-0.5­
-1.0 
-1.5 
205 310' 320 33E 310 3IO 350 3;S 
RESOLUTION ELEMENT 
Hia1i-7--C. r3 L2 97 (LEM 3.C. POW. ETC. ON W 0W/IS/72) ENVIOMENTE.SRasMaINSTITUTE OF HIOIQNd4 I31s21 SEP 20. 17=
 
06/0%/2 16,17ts6. ' ALT 03390 FF. IE iAIiG 179.1, WFT -ONl.3 VERSION ?.F. LA CG0
4M.IiLOT. 1.0.VJN.0" LOWs7 OC AT-M6.WC 7.SS&GSCELOQ 13M.TOW FILTER SCM-1 PLOT LINE EniiS 306-355
SGEMIT 0OF I
 
CHRNOE.lo CAL 2. SCALE- IX. OFFE-i CaIa 15s CAL1.SCALE- lX , OFFSET=I
 
BESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, 4% GRAY PANEL, AND ALUMINUM PANEL
4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 15
 
3.5
 
3,0
 
2.5
 
2.0,
 
Iii 
-j 
z 
L3 
-1.0
 
01.5:
 
-1.5:
 
-2. . 32 2 3 11 4 5 5
305 3iO .... 3i5 .... 3O ... 3' 3 3 i 4 i 
Figure 2.21 RESOLUTION ELEMENT 
N 	 HSS1S6-72-C. F3 L2 R7 (CLEA) 3. . PANELS, ETC. ON RAMP(B6/15/l7) w ENVIRONMENTAL RESERRCH INSIITUIE OF HICtIGAN 1t&32:SS SEP20. 1972
 
06/04/72 16tl7.St .6. RAMR ALI 03390 Fl, TRUE 179.40. (CoRnPLM. VERSION 1.0. P.F. LRIBECK)
HERDING ORIn -t4.30 
V/tO.088? LOWl7EMP-10.8C 47-35.70C FILTER SELECI-I 7.BSRMSEC/I.EHENI PLOT LINE 136q. ELEMENIS 305-355
 
SEGHEN1 0 OF
 
CHNRNEL tO CAL 2. SCALE- IX . OFFSET-i CHANNEL 17, CAL I. SCRLE- IX , orFS-I-I
 
RESCRLED RROIRNCE PLOT OF SCRN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, 4iZ GRAY PANEL, RNO RLUMINUM PRNEL
 
4.0-	 FOR CHANNEL 10 (MARKED WITH +'S) RND CHANNEL 17 
3.5­
3.0 
2.5 
-d
 
> 2.0 
-.J
 
d1.5 
cnC
 
LLI 0.5. 
a: 
LL) 
-J.
 
-0.5 
-1.0 
-1o
 
-2.0i.I i .14 i36...5	 4 35 
305 
,,.
310 315 320 325 330 335 3ro 345 350 355 
RESOLUT ION ELEMENT
 
MSS156-72-C, F3 LZ R7 (cLERm 31.,L. PA ELS. ETC. ONRAMP . RESEARCH OFMICHIGAN SEP 20. nmS/57'2) ENVIRONMENTAL INSITUT7E 15%4t12 1972 
06/0/7 16I7:4.6. ALT03390 Fr. HERDING DRIFT WDRRWPLO7. 1.0. ?.F.BROR TRUE 179.140. *04l.30 VERSION LAIIBECK 
V/M 0.0887 LOI TEfP-*10.9C .7-36.7rC FILTER SELIEC-.1 7.SSSmSEC/ELEKEN PLOTLINE ELEMENTS136. 305-355
 
SEGMENT0 Or I
 
CHANNEIL 2. SCALE- IX . OFFSEr-t CHANIEL 21t CAL 1. SCALE- IX * OFFSET-I
10iCAL 
RESCRLED RROIRNCE PLOT OF SCRN LINE SEGMENT
 
CROSSING GRRSS, CONCRETE, L% GRAY PANEL, AND ALUMINUM PRNEL
 
.o FOR CHRNNEL 10 (MARKED WITH +'S) AND CHANNEL 21
 
3.5
 
3.0
 
2.5
 
-
2.0 
U)Id1.05 
I.J0.5 " i1. 

-J.­
-1.0

-0.5
 
-205 1 1 320 325 330 335 303115' '35'0'
305 3 310 32 R Oo 3LEMENT
 
Fiur 2.23 RESOLUTION ELEMENT 
--
(CLEAR) ON RAMP 1Sltz56HSS31672-C. F3 L2 A7 3.4M. PANELS. ETC. (R6/1S/72)P ENVIRONMENIAL RESEARCH INSITUTE OF HICHIGAN SEP 20. 1972 
a 06/04/72 16:tlt t.i.6. H OR ALT 03390 FT. HEADING 178.4'. 04.30 (ORRWPLO7. VERSION 1.0. P.F. LAIBECK)TRUE 0, DIfl 
V/MO.088? LOWIENP-i0.rC .'-36.7 0C FILlER SELECT-I 7.858,SEC/ELENENT PLOT LINE 1364. ELEMENTS 305-355
 
SEGME 0 OF I
 
CIHNNEL 10, CRL 2. SCRLE- IX. OFFSET-1 22t CAL1.SCALEL IX , OFFSET-1
CHANNEL 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
 
CROSSING GRASS, CONCRETE, 4f GRAY PRNEL, RNO RLUMINUM PANEL
 
FOR CHANNEL 10 '(MRRKEO WITH +'S) AND CHANNEL 22
 
3.5
 
3.0
 
2.5
 
-j 
:> 2.0. 
-J
 
-J 1.8­
0.5:
 
(n3 0.0: - .- - -. . .- -.-- . - - ­
-0.3.
 
-1.0
 
r-2. . . I 
305 310 3i5 320 325 330 333 34io 3145 330 358
 
RESOLUTION ELEMENT
 
NISS14S2-83. HOBY PVT. KNIFE am aW/a/2f) 	 mENVlRMc) REARCEH INSTITUTE OF NIaKIM 1t11O827 OCI S. 1972
(mANePLtm. P.F. LmIeEdoI
VERSION 1.0.M*O.t1S LW IEB-.24.0C Al- 9.10C FILTER SMECT-I 3,SI7.SECAISH P1.0 LINE 18400, ELWEO4S 33S-38SEmeR 0OF I 
OWNNEL 2t CIL 2. SCRLE IX . OFFSEE-I DO. Ot Ci.. 2. SDULE- IX . OFFSET-1 
RESCRLED RADIRNCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
 
FOR CHANNEL 9 (MARKED WITH +'S AND CHANNEL 2
 
1.2­
1.1 
1.0 
0.9 
-1 0.8 
Lli
 
:LiJ 0.7
 
i 0.6,
 
U- 0.5'
 
I-
D 0.3 
ULo
-J 0.2 
OWI 
0.12 
0.0
 
-0.1­
-0.2­
335 340' 345 350 .3 5.... 360 .... 365 .io .... 3i5 380 385 
Figure 2.25 RESOLUTION ELEMENT 
IGSI&-7289. HOBBYMn. KNIFE EDEm M9/lfli x ENflRmErN.A FESWI INSTIUTE OF K1IWHGFf Itha3S4 OCTS. 1972a(flf~.VERSION 1.0, P.F. LAMBW 
V W.O.IW LO4 l I4,,"OCS.OPC FILIER SfECTM1 3.SI7,WfELEKENfT LUC 3L4000. ELEMENTS 33$-30Sa- PLOT 
00C.D 's AL 2. SCRLE- IX . VFSET-t CNEL 9. CAL 2. SCALE- IX * FTlST 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
 
FOR CHANNEL 9 (MRBKED WITH +'S AND CHANNEL L4
 
1.2­
1.1­
1.0­
0.9­
0.8­
iJ
 
LLJ 0.7­
w0.6­
o 0.5­
(n 
0 0.4-
IiJ 
cr 0.3-
L) 
L 0.2­
0.1 
-0.1­
-0.2­
340 355 3335 0 355 360 365 370 3i5 380385 
RESOLUT ION ELEMENT
 
tISSIWL-72-6. tOBBY PVT. KNIFE E Ma/ 1/W'le EVICOMIT RESERR INSTITUTE OF WHIGS 14,2'L:19 OM S. 1972 -L& PAoL.T, 1.0. LMmacVERSIO P.F. 

VM.OT.199 LS iw-.a.rc .1- 9. C FILTER sa.cr-t 3.SOlFI/EW.EN PLOT LINE 34000o. ENcTS 33S-3S
S8G~QET 00F I
 
DftC. St IX . anK*Mte CAL~2. SCAE- IX . OFFSET-i
CAL2. SCAE- WFFSUT-1 
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
 
FOR CHRNNEL 9 (MARKED WITH +'S] AND CHANNEL S
 
1.2­
1.1" 
1.0­
0.9­
0.8-
LIJ 
LJj0.7­
.j0.6-
D 0.5-
Uf.) 
o 0.-
LJii 
cr 0.3­
co 
0.1,0.0I _..N . . ..
 
0.0, -\
 
-0.1 
-0.2
 
33k . .. 3.o.... .... 350 o 355 360 365 . . .0 ... 375. 380 385 
Figure 2.27 RESOLUTION ELEMENT 
=WtSMQ-72-U. 
V/H-O. 19'fiS 
Qo . . 
1.2-
WIY fly. I41FE MW OMal) VlfOI. &sEm ITMIE O 10114, IltllOC(06 S. 1902 
, 
(Of~ii4Pt.0We VmI l II 10 .P F . LA N D= C 
IDC,-,.9C aI- 9.1-C FILIE Sa l-i 3.SI7SC dET T I/t.OTLNC 18400. S35-38 
CAL 2. S IX .WVM-I O0C Lh CAL 2. SCF$-,25X. OFFSEII 
RESCRLED RROIRNCE PLOT OF SCRN LINE SEGMENT CROSSING KNIFE EDGE 
FOR CHRNNEL 9 (MRRKED WITH +'S) RNO CHRNNEL 11 
-
1.1" 
1.0. 
0.9­
0.8. 
Lu 
S0.7­
-_J 
0.6 
cc: 
z00.5, 
C 
u
-J 
a: 
0.4 
0.3­
0.2 
0.1 
-0.1 
-0.2 
335 3o. 31 . 3o. 35 360 365 
RESOLUT ION ELEMENT 
.37 37 380 38S 
i< 
mueWLtoi VERSIO 1.0. r.r. I.MEEUJ 
nSSi&-7-e. MaY Mi. IIr E ffaOwhXL .) DIvMIENT.AL REMlaWINSTlITJTE OF fICIGA 1QI3SlO OCT S. 1972 n 
V/NuG. 180? LOI 7r N c &1- 0. 10C FLIERl SaEcLEiT 34t17P.EEEN PLOT LINE 18400. E.L115 33-3 5
 
5E"tEIT 0 OF 1
 
CHANEL. 8, IX . sL SCit-.26.
DL. 2. SFLE- Ff OSQC. 13tCr-. WTFSETI 
RESCRLED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
 
FOR CHANNEL 9 (MARKED WITH +'S) AND CHANNEL 13
 
1.2­
1.1­
1.0
 
0.9­
-. 0.8 
o 
LU 0.7­
-j 
-j 0.6 
cr 
mCD 0.5 
0.4. 
U 
cr0.3­
cr 
0.1­0. 0 , --- - - - -..- ---- -- ,-.-.---­
-0.1 
-0.2 . 
335 ....3 O' . '35 ....3k ..'35 ....360'. . 365 ....3")0 .. .3"iS ....3k0 .'.. S.36
 
Figure 2.29 RESOLUT-ION ELEMENT 
3 
Thermal Response to a Small Charcoal Fire
 
Figures 3.1-3.4 show examples of thermal response to a 2 foot x 1 foot
 
charcoal fire from an altitude of 3.4 thousand feet. Channels 14 and 15
 
exhibit a slow exponential recovery from saturation at the high signal

level (Figures 3.1 and 3.2). Channel 16 (a water ahsorpti6n band) shows
 
no response at'this altitude, as one would expect (Figute 3.3). Channel
 
17 (Figure 3.4) typifies the response of the channels 17 through 22,
 
which was good. Data from the Kobby knife edge tests as well as 
other
 
data indicates that a slow exponential recovery from saturation as shown
 
in channels 14 and 15 is characteristic of most if not all channels of
 
the system.
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Scan Line Registration
 
Inspection of the DAS film edits we received revealed a few
 
instances where successive scan lines appeared to waver in and out of
 
registration by plus or minus 1 resolution element. 
In Figure 4.2, edit 9,
 
one can see jagged edges on the large blue building rooftop near the ramp

while in edit 10 such jagged edges are not evident. Steplike variations
 
in edges might be expected due to the effect of digitization, but
 
oscillating variations such as those in edit 9 would be unlikely. 
Figure 4.1
 
shows two 
contour plots of tape edits we obtained which correspond to the;
 
two DAS film edits of Figure 4.2. The stairatep edges visible on some of
 
the roads are due to the effects of digitization, which is not smoothed in
 
these plots. Note-that while the plot for run 9 (airspeed 270 knots and
 
virtually no drift) looks v&ry clean, the plot for run 8 (airspeed 160
 
knots with noticeable drift) shows jagged edges very much like those in
 
DAS edit 9. -Close inspection of the contour plot for run 8 (plotted to
 
a larger scale in Figure 4.3) indicates that the variations in registration

of the scan lines can be identified across almost the entire width of the
 
scan (note variations in edges of road at resolution element 15 and 

similar variations in edges of building rooftop near elements 292 and 
-
315 
especially near scan line 1722 - Figure 4.3). Listings obtained for our 
tape edits indicate that channel swapping did not occur during this edit,
 
hence these registration oscillations could be due to variations in the
 
timing of the start of each scan line. 
This phenomenon may be related to
 
roll gyro problems.
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Response vs. Scan Angle
 
Dirt, smudges, etc. on the optical surfaces of .the 
scanner can cause
 
variations in response from one portion of the scan to another. 
Data
 
from run 23, flying south to north, was compared to data from run 24,

which immediately followed run 23 and flew north to south, to determine
 
whether any scan angle related response variations could be detected.
 
Some small amounts of signal drift were apparent (see Section 81, but no
 
scan angle related variations in response were evident in any channel,

indicating that any scan angle anomalies were no worse than 5 percent.

Figures 5.1 through 5.6 reproduce scan lines from runs 23 and 24, crossing

the 4 percent gray panel and the aluminum panel, which were studied for
 
scan angle variations in channels 2, 8 and 19.
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Noise, Digital Hang-ups, etc.
 
Figure 6.2 is a print made from an RC-8 photograph taken over
 
Belleville Lake during run 12 on 2 June (pvercast day). 
 This lake will be
 
used as an approximate uniform signal source to evaluate noise character­
istics. Note the clock at the top of the print indicating 6:00 GMT
 
(1:00 p.m. EST), the few waves present, and the-slight trace of sun glint
 
toward the upper right center of the photograph. (Note also a bright
 
streak near the center of the print-which was not present in the RC-8
 
film from which this print was made). Figure 6.1 is a contour plot of the
 
tape edit corresponding to Figure 6.2. The speckled appearance of the
 
plot is due to noise peaks crossing the chosen contour level in regions of
 
shallow water. The extra dots near elements 460-480 are probably due to
 
waves combined with what little "sun glint" there was during this run.
 
Figures 6.3 through 6.12 were all generated from data in the edit contoured
 
in Figure 6.1.
 
Figures 6.3, 6.4, 6.6-6.12 are examples of the level of noise which
 
was prevalent in channels 1, 2, 4, 5, 8 and 12-15. 
Note that while
 
Figure 6.4 shows no particular evidence of the motor spikes present during
 
this 
run, an average of 100 scan lines for this same channel Cchannel 2 -

Figure 6.5) indicates that motor spikes are an influence. This amount of
 
influence is quite small, however, for all channels with the exception of
 
channels 13-15, where motor spikes are quite pronounced Csee Figures 6.10­
6.12). Note that in applications where blocks of data might be averaged

and processed as averages, normal Gaussian noise would tend to average out
 
while motor spikes would tend to persist, possibly causing problems even
 
in those channels where their amplitude is small. Whether motor spikes
 
are present during a given run depends on how the scan motor was brought
 
up to speed.
 
Channels 3 and 6 had noise similar to that in channel 2 CFigure 6:4),

while channels 7, 9, 10, 11 had noise similar to channel 8 (Figure 6.8).
 
Channels 12 through 15 showed traces of low frequency noise components
 
which were at their worst in channel 15 (see Figures 6.9-6.121. In
 
channels 13 through 15 this noise is probably due to cooler microphonics
 
from the cooler for array 3 although it could also be caused by amplifier
 
drift (see Section 8). Note in Figure 6.13 (V/H = .022 compared to
 
V/H = 
.16 in Figure 6.12) that the period of the noise in channel 15
 
comprises 1/7 as many resolution elements as at the V/U of Figure 6.12
 
(i.e. the period of the noise in microseconds is nearly the same).
 
Figure 6.13 may be correlated with Figure 9.1 (a contour plot of the tape
 
edit from which Figure 6.13 was taken) and compared to Figure 6.15 (the
 
same scan line plotted for channel 201 to determine which features of the
 
signal in Figure 6.13 might not be due to noise.
 
Channel 16 experienced occasional low frequency ripples of noise as
 
indicated in Figure 6.14. In this figure the dynamic range for each scan
 
line is scaled down to fill only one inch from level 0 to level 256.
 
Note that the noise ripples have an amplitude on the order of 1/2 the 
dynamic range set for this channel. This problem may be caused by amplifier 
drift or noise. The general Gaussian noise in channel 16 was noticeably 
greater than for channels 17-20.
 
Noise in channels 20, 21 and 22 is typified in Figures 6.15-6.17
 
(V/K = .022), taken from the edit contoured in Figure 9.1. Note the
 
increase of noise in channels 21 and 22. compared to channel 20. At a V/H
 
of .16 (as would be expected) the noise in these channels was 2 to 3 times
 
greater than shown for a V/K of .022. Channels 17 through 19 were similar
 
in noise level to channel 20. The increasing noise level in channels 21
 
and 22 and the increased Gaussian noise level in channel 16 relative to
 
channels 17-20 was probably due to deficient cooling near the ends of
 
array 4. This same noise trend has been apparent in previous MSDS data.
 
Noise in channels 23 and 24 can be judged from Figures 6.26 and 6.27,
 
to be discussed later in this section.
 
Some additional phenomena are noteworthy:
 
Channel 3 was plagued by a few unusual problems. Figures 6.18 and
 
6.19 show superimposed traces for 5 adjacent resolution elements traced
 
across all scan lines in an edit from run 12 (4 June) for channels 2 and
 
3. These particular resolution'elements coincide with the fiye gray
 
reflectance panels (scan lines 3466-3511) and with one sequence of the
 
resolution chart painted on the ramp (scan lines 3512-3564) plus onebar
 
from the other sequence of the resolution chart (scan lines 3564-3573),
 
all of which is clearly visible in channel 2 (Figure 6.18). Channel 3,
 
however, shows clipping occurring at digital level I1 for much of the
 
data (Figure 6.19). The spike appearing for scan line 3570 in Figure 6.19
 
is data from channel 4 which swapped with channel 3 during this scan line
 
due to a problem reading the original flight tape during the generation of
 
our edits (see comment at end of Section 10). The differing response of
 
channels 2 and 3 prior to scan line 3456 is due to spectral differences in
 
these channels while viewing grass near the edge of a road and the O.D.
 
panels at the north end of the ramp (see Figures 1.2 and 1.6). Figures
 
6.20 ard 6.21 show a segment from a single scan line for channels 2 and 3.
 
Note the high signal level corresponding to the sand bl'asted aluminum
 
panel in channel 2 (near resolution element 390 - Figure 6.20) which is
 
missing entirely from the response of channel 3 (Figure 6.21). Note also
 
the characteristic clipping in channel 3 between elements 405 and 419
 
(Figure 6.21). Finally note the ringing which occurs at each sudden step
 
in the signal in channel 3 (compare with channel 2). The wavy portion of
 
the scan line in Figures 6.20 and 6.21 between elements 335 and 367 is
 
caused by scanning in and out of phase with the tar paper strips laid out
 
on the ramp (see Figures 1.2 and 1.6) and is discussed in Section 10.
 
Figures 6.22 and 6.23 show single resolution elements traced across all scan
 
Note the clipping
lines in edits from two successive runs for chafinel 3. 

apparent in Figure 6.22 (at level-123 this time), but note especially the
 
much noisier signal in Figure 6.23 (run 19 - "noise!' effect not due to ­
signal drift between successive scan lines). Noise in channel 3 was hack
 
to normal again during run 20. We currently have no explanation for these
 
three anomalies in the behavior of channel 3 other than to conclude that
 
they are intermittent and are probably due to more than one problem source.
 
Figures 6.24 and 6.25'are segments of one scan line from a run on 2
 
June for channels 13 and 14. During this particular run, both of these
 
channels experienced brief, intermittent bursts of noise. Note that for
 
this scan line segment, these bursts of noise appear to alternate between
 
the two channels. These noise bursts are probably due to cooler-micro­
phonics.
 
Figures 6.26 and 6.27 (taken from the edit contoured in Figure 9.1)
 
show samples of an intermittent problem in channels 23 and 24. In this
 
case the 32 bit is stuck on zero for both channels, causing data from
 
digital levels 32-63, 96-127, etc. to be displayed at levels 0-31, 64-95,
 
etc., respectively. Digital hang-ups of this general nature were observed
 
from time to time in other channels as well, though not as frequefntly as
 
in channels 23 and 24 (e.g., a 64 bit sticking on 1 in channel 20).
 
Figure 6.28 shows evidence of power supply noise spikes at periodic
 
intervals in channel 23 during run 13 C4 June). These spikes probably
 
arise from the power source for channels 1-3 which had been put in just
 
prior to the June flights as a temporary fix so that channels 1-3 could be
 
operating.
 
HJ.
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Monitoring of Scanner Temperatures and Calibration References
 
Figure 7.1 charts temperatures of arrays 3 and 4, as recorded in the
 
tape edit housekeeping data, as a function of time for the flight of 4
 
June (2 June data, though limited, was consistent witfi this plot).
 
Points marked in the plot correspond to values translated from the start
 
ID housekeeping record for each tape edit we had obtained. Values from
 
the stop ID records, some of which are evident in the plot for array 4,
 
were plotted but were not marked. The tape edits were in general shorter
 
than 2 seconds in real time. Array 2 data was clipped indicating less
 
than -80.3 0 C. Available data for the interpretation of the housekeeping
 
-
values did not go below -69'C for array 2 or below 23qK.for array 4, 

hence values for these arrays were derived through.extrapolation. Much­
of the array 4 data was clipped at 170K, a lower temperature than -might
 
have been expected. The data indicates that the cooling of the arrays
 
(as measured at the monitoring points) was adequate.
 
Figure 7.2 charts the current through the lamp filament used for
 
calibration source 2, as recorded in the tape edit housekeeping data for
 
the flight of 4 June. Only start ID values are marked; 2 June data was
 
consistent with this plot. Over one third of this data was clipped at
 
8.107 amps. The current exhibits a maximum uncertainty of plus or innus 
.8 percent which, according to tests performed in the past on quartz­
iodine lamps at The University of Michigan, would correspond to maximum 
uncertainties in radiance ranging from plus or minus 8 percent in the 
ultraviolet (channel 1) to plus or minus 2 percent in the near-infrared 
(channel 11). Better lamp current stabilization would be desirable
 
from a standpoint of absolute calibration.
 
Figure 7.3 charts the temperature of the low temperature blackbody
 
reference and the temperature difference between the two hlackbody
 
references (AT) both as indicated in the tape edit housekeeping data
 
(start ID values marked) and as recorded from the operator's console into
 
the flight log for 4 June (2 June data was similar). Data for AT from
 
run 14 is not included in this plot since an operator error (failure to
 
change the AT control range when AT was reduced by a factor of 2) caused
 
the housekeeping data for AT during that run to be meaningless. Note the
 
consistent discrepancies of 1 degree or more between the housekeeping
 
values and the flight log values for these calibration parameters. It is
 
not known which of these values indicate the true temperatures of the
 
thermal references; however, both indicate that stabilization of these
 
references is probably adequate.
 
Figures 7.4 and 7.5 chart the tape edit housekeeping data for the
 
six temperature monitors located in and around the scanner, together with
 
the temperature of the air outside the aircraft as indicated by channel 16
 
(6.2-7.6pm - a water absorption band), for 4 June (2 June data was similar).
 
Start ID housekeeping values are marked; trends in the variation of the
 
altitude of the aircraft can be identified in the flight plan of
 
Figure 1.4. Note that it took on the order of 15 to 30 minutes for the
 
interior of the scanner to reestablish equilibrium with the aircraft
 
surroundings after the jump from 1.7 thousand feet to 14.7 thousand feet
 
which occurred around 15:30 GMT (compare channel 16 data to various
 
temperature monitors). During run 14 (4 June) both the start ID and stop 
ID data for the first three temperature monitors was disrupted (17:12:30
 
GMT - Figure 7.4). The source of this disruption is not known. During
 
rud 20 another disruption 6ccurred affecting all six temperature monitors
 
(18:17:30 GMT - Figures 7.4 and 7.5). The abnormally high noise in
 
channel 16 indicated for run 23 (18:44:56 GMT - Figure 7.5) was due to a
 
low frequency noise ripple (or drift) in that channel during that run.
 
Note that the data for the P.M. tube support (physically mounted on the
 
baseplate but exposed to the air inside the optics compartment) indicates
 
that the air temperature of the optics compartment was adequately controlled
 
(Figure 7.4).
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Gain and Offset Drift
 
MSDS signal gain and offset is controlled by clamping a high and a low
 
level calibration source signal in each channel to separate voltage levels,
 
usually between zero and 5 volts. These clamping voltages are set up
 
prior to flight (generally) using screwdriver adjustments. Those adjustments
 
requested for the 2 June and 4 June flights are listed at the bottom of
 
Figure 1.4.
 
In some instances it was found that these screwdriver adjustments
 
could not be made as we had requested, in which case an adjustment as close
 
as possible to our requested level was made. In particular, in channel 3
 
the clamping level for the low calibration source could barely be brought
 
up high enough to fall within the dynamic range for that channel,
 
consequently this calibration reference was occasionally observed to be
 
clipped at the low end of the dynamic range for channel 3. In channel 16,
 
while this low clamping level could be placed within the lower part of the
 
dynamic range, it could not be raised as high as was requested and conse­
quently, at the highest flight altitude, data for channel 16 was partially
 
clipped at the low end of the dynamic range. Some problems were also
 
encountered in setting the clamping levels for channel 6.
 
The reaction time for the clamping circuitry is supposed to be slow
 
enough so that noise should not cause appreciable fluctuations in the
 
clamping, thus a channel with low frequency noise should show the effect
 
of this noise in its calibration source signal levels, each-wavering up
 
and down with the noise while clamping remains at an essentially fixed
 
signal level.
 
In Figures 8.1-8.24, signal levels observed for the more important 
calibration sources in each channel are plotted for the flight of 4 June. 
All data points are marked for those calibration sources on which clamping 
is supposed to be performing. The sky radiance signal (on which no 
clamping was performed for any of the data in the plots) is plotted 
unmarked for correlation with the other calibration references in channels 
1-13, 23 and 24 (the reflective channels). Dotted lines represent the 
requested clamping levels for the high and low level calibration references 
in each channel. 
Note the apparent increase in sun and sky illumination indicated in
 
channel 1 (ultraviolet) during the higher altitude runs C15:37:13 and
 
16:01:57 GHT, runs 2 and 5, 14.7 and 6.7 thousand feet - Figure 8.1).
 
Channel 2 indicates a slight offset drift during these two runs (Figure
 
8.2), while channel 3 shows a substantial offset drift during the same two
 
runs (Figure 8.3).
 
Channel 13 shows a sudden change in the level of the low calibration
 
source between run 7 (16:17:56 GMT) and run 12 (16:55:51 GMT) which
 
persisted throughout the remainder of the runs Figure 8.13).
 
All other channels appeared to be more or less stable in both gain
 
and offset throughout the flight, although it is somewhat debatable
 
whether the low frequency variations seen in channels 15 and 16 are due to
 
noise or drift.
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PRT-5 Performance
 
Figures 9.2 and 9.3 compare a portion of the PRT-5 data from run 2
 
(2 June, 14.7 thousand feet) to data from three thermal channels which
 
cover portions of the spectrum sampled by the PRT-5. The data for these
 
thermal channels is taken from the tape edit contoured in Figure 9.1,
 
showing an outline of the shoreline of Belleville Lake Csee also Figure 1.3).
 
To correspond somewhat with the 20 field of view of the PRT-5, an average
 
of 17 adjacent elements in each channel (representing 1.95', but only one
 
dimension of the PRT-5 field of view) is traced along a path running from
 
land to water through the semicircular bay visible in Figure 9.1 near
 
element 350. In Figure 9.2 these 17 elements center about element 35Q
 
(nadir) while in Figure 9.3 they follow a path 8 resoluti n elements C.920)
 
to the right of nadir (centered on resolution element 3581. Rote that the
 
PRT-5 data correlates best with the data plotted in Figure 9.3, indicating
 
that the PRT-5 may be angled approximately jO to the right of nadir. In 
Figures 9.2 and 9.3 the symbols correspond to every 4th data point plotted 
(every .458 ° ) for each thermal channel. Four of these symbol increments 
plus one additional data point (i.e., 17 data points or scan linesl is
 
approximately equal to the field of view of the PRT-5 along the flight
 
direction (1.950 vs. 20 for the PRT-5).
 
Figures 9.4 and 9.5 compare a portion of the PPT-5 data from run 12 
(4 June, 1.7 thousand feet) to a 17 element average of data from three 
thermal channels which again cover portions of the PRT-5 sensitivity, 
spectrum. The data from these thermal channels is taken from the tape edit
 
contoured in Figure 10.2. Again the data corresponding to points centered
 
approximately 10 to the right of nadir (Figure 9.5) shows the closest
 
Note the square "pulse" so prominent in the
correlation with the PRT-5. 

data from the thermal channels, corresponding to the tar paper strips on
 
the ramp which were warmed by the sun, which is somewhat less prominent in
 
the PRT-5 data due to its 20 field of view along the flight direction.
 
(The 17 element averaging of the thermal channel data takes no account of
 
The time discrepancy between
this dimension in the PRT-5 field of view). 

the appearance of this "pulse" in the thermal channels and its appearance
 
in the PRT-5 data indicates that the PRT-5 is probably not only looking 10
 
to the right of nadir, but 20 behind the scanner as well. This supposition
 
Note that in
is not contradicted by the data in Figures 9.2 and 9.3. 

Figures 9.4 and 9.5 every 8th data point plotted in the thermal channels
 
(every .916') is marked, thus 2 symbol increments plus one data point
 
(17 data points or scan lines again) approximately corresponds to the
 
field of view of the PR.T-5 along the flight direction (1.950 vs. 2' for
 
the PRT-5).
 
One might expect a generally lower apparent temperature to be indicated
 
for the PRT-5 at the higher altitude (Figures 9.2 and 9.3, 14.7 thousand 
feet) due to the cooler atmosphere ahsorbing and emitting more, 
proportionally, toward the ends of the 8 to 14 micron sensitivity band of
 
the PRT-5 than in the scanner channels chosen for the plots; however; a 
similar discrepancy in indicated temperatures occurs for the low altitude
 
as well (Figures 9.4 and 9.5, 1.7 thousand feet). The low temperature and
 
AT values used to calculate the indicated temperatures for the thermal
 
channels in these plots were taken from the start ID housekeeping data for
 
these edits (see documentation on plots). If these calibratton-parameters
 
had been taken from the flight log Csee Section 7 and Figure 7.3), the
 
'calculated temperatures for these thermal channels might have been
 
approximately 1 degree lower, still leaving a discrepancy on the order of
 
1 or 2 degrees; hence it appears that there may be a calibration discrepancy
 
between the scanner thermal references and the PRT-5.
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Moire Patterns
 
Moire patterns are often observed on television newscasts when the
 
news commentator wears a suit or tie which has a pattern made up of
 
contrasting elements similar in dimensions to the width of one scan line.
 
Similar patterns arise from time to time in multispectral scanner data,
 
particularly in data representing a contrasty row crop viewed from above.
 
The moire pattern consists of the loci of areas in the data where sampling
 
is out of phase rather than in phase with the two contrasting elements of
 
the true pattern which is being viewed. These loci usually appear as
 
gray bands with a level of grayness midway between the levels corresponding
 
to the separate elements of the original true pattern. Obviously the
 
signals corresponding to the gray bands of the moire pattern do not
 
accurately correspond to the signal level of either component of the
 
original true pattern, hence these bands represent areas where a potentially
 
useful signal has been obscured due to the resolution limitations of the
 
scanner. While the loss of a few resolution elements of data corresponding
 
to a few individual corn plants might be tolerated, the loss of data due
 
to sampling out of phase with an entire cornfield can be substantial. To
 
this extent moire patterns are a matter of some concern in multispectral
 
scanning.
 
Figure 10.1 is a digital graymap of data from run 12 (4 June) for
 
channel 2. In this plot the signal level from each resolution element in
 
channel 2 is translated into a scribble which fills all, part, or none of
 
a resolution cell defined to be .04 inches square. The more scribbling,
 
the darker the resolution cell appears from a distance. In this plot 16
 
separate scribbles have been defined, corresponding t6 16 daStinct shades
 
of gray, ranging from black (a filled resolution cell) to a single dot .02
 
inches in diameter. A blank cell constitutes a 17th gray level. The
 
differences between consecutive levels of gray are in general just barely
 
perceptible to the eye, with the exception of three levels near the center
 
of the range of the grayscale which are slightly more abrupt in c6ntrast.
 
The overall result of the plot (when viewed from a great distance) is an
 
approximate qualitative equivalent of a blAck and white film print of data
 
from the chosen channel with enhanced contrast near the middle of the
 
dynamic range of the film. Figure 10.1 may be compared with Figures 1.2
 
and 1.6. Note the appearance of the tar paper strips in this graymap; in
 
particular note the separated areas over which the seven tar paper strips
 
can be seen individually. The diagonal boundaries separating these areas
 
constitute the barswof a moire pattern. In Figure 10.2, a contour plot
 
of the tape edit from which Figure 10.1 was taken, these bars of the moire
 
pattern can be seen as white patches where definition of the tar paper
 
strips has been lost, since the contouring is done for one signal level
 
just below that corresponding to the bars of the moire pattern and at a
 
second level completely above any signal occurring in the tar paper strip
 
area. (These signal levels - 112 and 170 - can be observed relative to one
 
scan-line segment from this edit for channel 2 in Ftgure 6.20: °This scan
 
line crosses the tar paper strips between elements 335 and 367.) Figure
 
10.3 is a plot of a series of scan lines from the tape edit of Figures
 
10.1 and 10.2 (plotted with 100 resolution elements per inch). The wavy
 
portion of the signals covering about .3 inches near the middle of most
 
of the scan lines shows the effect of scanning in and out of phase with
 
the tar paper strips which creates a moire pattern.
 
(tor channel 2)
Figure 10.4 is a digital graymap of data from run 12 

for the flight of 2 June. This figure may be compared with Figures 1.1
 
The most serious moire patterns are generally caused by scanning
and 1.5. 

some other true pattern
nearly, but not quite, in .line iith the stripes of 

On 2 June the intent was to show that moire
 as in Figures 10.1 and 10.2. 

patterns could also arise from digitizing data not quite in phase with
 
the stripes of an existing pattern (a color television hexagonal matrix
 
For
 
picture tube provides even more opportunities for moire patterns). 

this purpose the tar paper strips were lined up parallel to the flight
 
Note once again that regions can be identified where the tar paper
line. 

a moire

strips appear separated. Between these regions are bands of 

pattern representing areas where definition of the tar paper strips is
 
lost. 
 In Figure 10.5, a contour plot of the tape edit from which Figure
 
10.4 was taken, these bands can be identified as white patches running
 
through the tar paper strip region. Figure 10.6 plots a series of
 
(100 scan

resolution elefients traced across scan lines through this edit 

lines per inch). Note the low frequency waves running through- the portions
 
of these traces representing response to the tar paper area (starting
 
.4 inches from the left edge of each trace and ending .8 inches from the
 
left edge ) indicating the moire effect. In non-digitized data this
 
Note in
particular instance of the moire pattern would not have occurred. 

this case that although truly representative data for-the tar paper
 
strips (as well as separation from their surroundings) has been lost in the
 
bars of the moire pattern, from a standpoint of absolute reflectance
 
calibration none of this particular data for these strips could he truly
 
representative of their full signal level anyway due to the inherent
 
scanner caused by the aperture size and the
 response limitations of the 

integrate and hold circuitry. For strips parallel to the flight line,
 
fully representative data can only barely be obtained for strips which are
 
2 resolution elements wide and cannot be guaranteed unless these strips
 
are at least 3 resolution elements wide (barring other response
 
limitations). Strips 3 resolution elements wide would give rise to
 
virtually no moire effect regardless of their orientation. In the
 
instance of Figures 10.1-10.3 for 4 June, fully representative data for
 
the tar paper strips could be obtained between the bars of the moire
 
pattern in spite of the 1 resolution element width of these strips, since
 
the integrate and hold circuitry primarily affects consecutive resolution
 
aas minimal effect between successive
elements within a scan line and 

scan lines (the aperture affects both).
 
Note the effect of a "channel swap" between channels 1 and 2 which
 
During the
is visible in Figures 10.1 and 10.2 during scan line 3570. 

editing of data from the original flight tape onto the 9-track tape we
 
(skipping over data from one resolution
obtained, a tape reading error 

element in channel 2) caused-data from channel 1 (whicL alternates with
 
channel 2 on the flight tape) for the succeeding resolution element to be
 
read instead. Once this happened, the flight tape apparently continued
 
to be read out of phase for the remainder of that scan line (in channels
 
1 and 2). Succeeding scan lines were transcribed properly (at least for
 
channel 2). 
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Cloud Shadows
 
Figure 11.1 is a print made from an KC-8 photograph taken from 1.5 
thoisand feet showing a cloud shadow which was present over a freshly 
planted field along the flight line north of the ramp during run 18 on
 
4 June. Figure 11.2 is an enlargement -ade from the inflight film recorder 
output for channel 8 during this run. Most of the-horizontal streaks
 
visible in this film are probably due to non-uniformiti.es in the incremental
 
movement of the film past the CRT which exposes it, while the lengthwise
 
streaks are probably due to non-uniformities in the CRT phosphor or to non­
uniformities in the staircase CRT sweep waveform.
 
Note the differences between Figures 11.1 and 11.2 in the location of
 
various portions of the cloud shadow, indicating that the- cloud was both
 
moving and changing shape. Since the cloud was more or less following the
 
path of the aircraft but at a slower speed, the outline of"the cloud
 
depicted in Figure 11.2 is elongated slightly in the flight direction
 
relative to what appears in Figure 11.1. This indicates that the RC-8 
f Im should not always be trusted to indicate the precise shape and 
location of a cloud shadow in the scanner data. 
Figure 11.3 is a contour plot showing an approximate outline for this
 
cloud shadow as indicated in channel 8 (compare with Figure 11.21. In 
this figure note the outline of a small tree and tEs shadow, close to one 
edge of the cloud shadow, near resolution element 340 in scan line 2040.
 
Figure 11.1 indicates that the center of'the aircraft shadow probably
 
passed over this tree crown. Figure 11.4 plots the average of the 16
 
sample elements from the sky reference calibration signal for each_ scan
 
line from line 2100-through 3050 in channel 8, while Figure 11.5 plots a
 
single elefaent (340) traced across scan lines (and over the crown of the
 
small tree) for lines 1476-2157 in channel 8, approximating the path of
 
the aircraft shadow over the ground. A low signal level representing the
 
tree shadow followed by a high signal representing the sunlit crown of the
 
small tree appears between scan lines 2028 and 2043 in Figure 11.5,
 
followed by a dip in the signal representing the small blob of cloud
 
shadow next to this tree. In Figure 11.4 the sky reference shows a
 
similar signal dip between scan lines 2230 and 2290, indicating that the
 
aircraft actually flew through this portion of the cloud shadow about 200
 
scan lines after it had scanned over it on the ground. This would
 
correspond (from geometrical calculations) to the sun being approximately
 
220 away from zenith, ahead of the aircraft at 17:43 GMT (12:43 EST),
 
which is about right. This indicates the lack of correlation one would
 
expect between the sky reference signal and the location of small,
 
sharply defined cloud shadows.
 
Figure 11.1 
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Sun Glint 
Figure 12.1 is a print made -from an RC-8 photographi taken over 
Belleville Lake during run 12 (1.7 thousand feet) on 4 June. Figure 12.2 
is an enlargement of output from the inflight film recorder for this same 
portion of run 12 for channel 3. Note that sun glint forms a different 
pattern in the scanner data from that shown in the RC-8 photograph. 
Again horizontal and vertical streaks are visible in the film
 
recorder printout as mentioned in Section 11. Close inspection of this
 
film indicates that individual resolution elements can perhaps be
 
identified occasionally, although there appears to be emphasis in
 
brightness upon alternate resolution elements as if the CRT sweep waveform
 
preferred "even" voltage levels over "odd" ones, or vice versa. There
 
is an even more prominent emphasis on every 4th resolution element,
 
giving rise to the vertical white streaks which appear in the enlargement, 
spaced a little less than 1mm apart.
 
Note the lack of evidence for clippin4 or ringing in this film 
recorder output for channel 3. Earlier in this same run clipping and 
ringing were noted in the digitized data for this channel (see Section 6 
and Figure 6.21). This indicates that the abnormalities in channel 3 
occur downstream from the connection for input to the film recorder in 
this channel. 
1.7K ft. over lake 
6/4/72 ,( c Zea) 

13 
DA& Film Edits
 
Figures 13.1-13.6 are examples of some of the better DAS film edits 
we obtained for the 2 June and 4 June flights, representing various 
altitudes and V/H's. In general this film was distorted (compressed in 
scale by a factor of 5, more or less, throughout the first 100 elements 
or so of each scan line) and faded out with a sometimes ragged edge toward 
the end of each scan line. In a few instances film edits contained wavy 
distortions which thoroughly obscured the smaller features of the scene. 
In the figures presented note that there are some horizontal and vertical 
streaks similar to those in the inflight film printout, but a hit more 
subtle. The DAS film gives the impression of being a bit out of focus 
relative to the inflight film enlargements (see Figure 12.2), however 
features the size of one resolution element can be identified.
 
For Figures 13.1-13.5 channel 19 was used for the red gun, channel 2
 
for the green, and channel 11 for blue. In Figure 13.4 note that the 
seven tar paper strips can be seen separately (whenever the moire pattern 
present does not obscure them) even though the resolution element size in 
that figure is ne rly identical to the width of these strips (3 feet). 
In Figure 13.5, edit 44, note trn these strips caia.t 4e seen separately 
even though they do appear separated in the graymap from the corresponding 
tape edit shown in Figure 10.4. This apparent lack of resolution appears 
partly due to the presence of vertical streaks in the DAS film, partly
 
due to the reduced signal contrast over these strips resulting from the
 
reduced scanner response along the scan relative to across the scan lines 
together with the effect of the overcast conditions for that day, and
 
partly due to the lack of signal registration among the three channels
 
chosen for this edit at its V/H of .16 which leads to a different moire
 
pattern effect in each channel. 
Figure 13.6 is a crude attempt at producing a natural color DAS film 
print using channel 6 for red, channel 4 for green, and channel 2 for
 
blue. The colors of the original DAS film edit were slightly more natural
 
than what is indicated by this print. The distortion appearing in the
 
upper half of the print comes from a deliberate 50 roll of the aircraft
 
during this run to test the roll compensation of the scanner (which was
 
not compensating properly during these flights).
 

Figure 13.2 
DAS Film, Runs 4 & 5
 
10 & 6.7K ft. 6/4/72
 
19-R 2-G 11-B 
Figure 13. 3 
DAS Film, Runs 6 & 7 
4.5 & 3.4K ft. 6/4/72 
19-R 2-G 11-B 
Figure 13.4
 
)AS Film, Run 18
 
1.5K ft. 6/4/72
 
19-R 2-G 11-B
 
Figure 13.5 
DAS Film, Runs 7 & 12 
3.4 & 1.7K ft. 6/2/72 
19-R 2-G 11-B 
O.Hz 
.J.0 
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Tape Edit Housekeeping Data and Roll Compensation
 
The tape edit housekeeping data was subject to a few problems, some
 
of which were persistent while others were intermittent. Throughout the
 
2 June and 4 June flights as well as during the PVT's performed prior to
 
the flight in May at Ellington Air Force Base and at Hobby Airport, the
 
8 bit of the last digit of the V/H value recorded in the housekeeping was
 
stuck on 1, causing this digit to be in error most of the time and to be
 
completely invalid occasionally. In the documentation with the plots
 
presented in this report, questionable V/li values translated from the
 
housekeeping data are followed by a question mark. The number of micro­
seconds per resolution element listed in the plot documentation is based
 
on a correction for these questioned V/IH's, performed during an interruption
 
of the plotting program by resetting the 8 bit of the last V/H digit to a
 
zero.
 
The scan line count kept resetting to zero every time the gyro was
 
caged during the 2 June and 4 June flights, causing non-unique scan line 
numbering for each run. This resulted in one of our tape edits (run 2, 
2 June) being mistakenly taken from the wrong run (run 3) using the same 
sca-n line numbers. 
The scan line number quoted in the start ID housekeeping record appears 
to be consistently 1 less than the line number of the first scan line of a
 
tape edit (as indicated in the first calibration source location), while
 
the scan line number quoted in the stop ID housekeeping record appears 
to be consistently I greater than the line number of the last scan line of 
a tape edit (as indicated in the first calibration source location). 
Two tape edits were received having stop ID scan line numbers which 
failed to correspond to the start ID scan line numbers and the number of
 
scan lines in the edit. In both of these cases the V/H indicated in the
 
start ID record was .169(?) while it was .188(?) in the stop ID records.
 
These two edits were EAFB PVT A/D test, 12 May, scan lines 28271-28470
 
(according to start ID), stop ID scan number 28872; and Hobby PVT transfer
 
calibration for bulb #6, 25 May, scan lines 10221-10420 (according to
 
start ID), stop ID scan number 10392.
 
Some additional anomalies were observed in the housekeeping data. 
In the tape edit we received for the Robby PVT transfer calibration for 
bulb #2, 25 May, both the start ID and stop ID records were mostly written 
over (obliterated) with alternating O's and l's. In two of the Hobby PVT 
knife edge tape edits we received (25 May, V/H = .02 and V/H. = .1) the 
scan status word had a 4 bit stuck on zero. Some additional comments on 
disruptions in the housekeeping data involving the temperature monitors 
have been included in Section 7. There is a remote but unlikely possibility 
that the excessive clipping observed in the temperature monitor data for
 
arrays 2 and 4 and for the lamp current as well could be due to multiple
 
bit hang-ups. 
The ASQ-90 data was present only 1/3 of the time in tape edit 1D
 
records for the 2 June and 4 June flights with V/i greater than .08,
 
while it was present all the time for V/H's less than .08.
 
Inspection of the RC-8 film we received indicates that roll compensation
 
for the RC-8 cameras was working, while pitch correction may have had
 
excessive drift. Improper roll and pitch compensation for these cameras
 
will cause distortions of geometry in the photographs obtained. Some
 
additional distortions of geometry have been introduced in the prints from
 
RC-8 film included in this report together with some noticeable color
 
differences. The original RC-8 film transparencies we received are truly
 
beautiful (especially the color film).
 
Roll compensation was not working properly for the scanner data, as
 
indicated in Figure 14.1, an enlargement from the inflight film recorder
 
output for channel 13 (a noisy channel with motor spikes) during run 20 on
 
4 June. During this portion of the run the aircraft was deliberately
 
rolled 50 right, then 50 left to test the system for roll compensation.
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Data AcquisitiQn After Flight
 
It appears that one should not expect to receive inflight film
 
recorder output, RC-8 film, DAS film edits or PRT-5 plots and tabulations
 
any sooner than one or two months after a flight has taken place, and
 
even then this same delay should be expected relative to the date on
 
which such data is requested. This is regrettable since some form of
 
aerial imagery with a field of view approximating that of the scanner is
 
of great use during the selection of tape edits - a slow and tedious
 
Tape edits
 process which is in need of any help it can get to speed it up. 

one week after a flight, if only one can
 can be selected as soon as 

succeed in locating the data he wants to have edited from the flight tape.
 
This data has to be located through an approximate knowledge of the GMT
 
time or scan line numbers at which the data was collected, together with
 
a succession of slow playbacks of portions of the flight data on the
 
These playbacks can be correlated with the location
television monitor. 

along the flight line only if details of the scene along the flight line
 
For this purpose quick
and adjacent to the area of interest are known. 

availability of the inflight film recorder output (or, alternatively,
 
RC-8 film) would be desirable.
 
The DAS film editing procedure is an even slower process which
 
discourages one from requesting more than a bare minimum of such-imagery.
 
Snapshots which we took of the television monitor during the selection
 
of our tape edits, although they slowed down the editing process. slightly,
 
were found to be useful in locating data of interest withina large edit
 
to a first order approximation (plus or minus 5 resolution elements). If
 
enough users wish to obtain large tape edits (one half screen of data or
 
more), it would be worthwhile to have a polaroid camera permanently ready
 
for their use in taking such photographs. These photographs also
 
reproduce scan line numbers from the television monitor which do not 
appear
 
on the DAS film edits.
 
16 
General Flight Performance
 
The design of the MSDS system inside the aircraft to some extent 
invites errors on the part of the operators. In particular the two 
separate sets of controls for AT, one set to actually change AT and the 
other set just to arrange for AT to be recorded properly in the house­
keeping data on the flight tape, invites the operator to perform
 
adjustments in AT as requested but to neglect to adjust the housekeeping
 
controls to allow the value to be recorded properly, as was found to
 
The scale and offset selector switches
happen during run 14 on 4 June. 

for each of the channels are small and are difficult to read and to
 
operate, consequently throughout the 2 June edits we received channel 3
 
appears set at a scale of 2X (rather than 1X), while channel 6 appears 
set at 2X scale (rather than 1X) for runs through run 7, and channel 2 
I/IL teats whichappears set at .25X (rather than IX) for the A/D and 
preceded the other runs on that day.
 
Many of the knife edge tests run at Robby Airport, 25 May, were run 
with the knife edge reversed from the orientation that was requested, as 
noted in Section 2.
 
The inflight film recorder output was washed out for the first 100
 
or 200 scan lines of each run. Perhaps this can be avoided, as has been 
suggested in the past, by putting a 2 inch-blank space on the fil between 
runs.
 
Some problems were encountered 'rith the scan motor overheating and
 
cutting out after repeated runs at the higher V/I s. This problem could
 
cause substantial difficulties in completing a flight requiring -many such
 
runs according to schedule (e.g., partially overlapping parallel flight
 
lines clustered about an optimum time of day to survey a large contiguous
 
area on the ground).
 
No radio frequency interference was noted on any channel of the scanner 
during run 22 (4 June) for the UHF and VHF communication equipment, the 
DME, the RADAR, or the transponder. 
